This paper presents a process-group-contribution method to model, simulate and synthesize a flowsheet. The process-group based representation of a flowsheet together with a process "property" model are presented. The process-group based synthesis method is developed on the basis of the computer aided molecular design methods and gives the ability to screen numerous process alternatives without the need to use the rigorous process simulation models. The process "property" model calculates the design targets for the generated flowsheet alternatives while a reverse modelling method (also developed) determines the design variables matching the target. A simple illustrative example highlighting the main features of the methodology is also presented.
Introduction
Modelling and simulation of a process flowsheet usually involve identifying the structure of the flowsheet, deriving model equations to represent each operation, and solving the resulting total model equations according to one of various available simulation strategies. The flowsheet synthesis problem determines the type of operations and their sequence needed to achieve the conversion of raw materials to some specified set of products. The flowsheet design problem determines the optimal values for the conditions of operation and other operation/equipment related variables for the synthesized flowsheet. The flowsheet modelling, synthesis and design problems are related since for generation and screening of alternatives, some form of flowsheet models are needed. Also, flowsheet models are needed for verification of the synthesis/design problem solution. In contrast, a group-contribution (GC) based pure component property estimation of a molecule requires knowledge of the molecular structure and the groups needed to uniquely represent it. The needed property is estimated from a set of apriori regressed contributions for the groups representing the molecule. Having the groups and their contributions together with a set of rules to combine groups to represent any molecule therefore provides the possibility to "model" the molecule and/or a mixture of molecules. This also means that the reverse problem of property estimation, that is, the synthesis/ design of molecules having desired properties can be solved by generating chemically feasible molecular structures and testing for their properties. This reverse problem is also known as computer aided molecular design. Let us now imagine that each group used to represent a fraction of a molecule could also be used to represent an operation in a process flowsheet. Just as in chemical property estimation, groups may have one or more free attachments, in flowsheet "property" estimation, process-groups may also have similar number of free attachments, for example, connecting streams. In this way, a set of process-groups representing different types of operations may be created and the "properties" of a specified flowsheet may be estimated by first identifying the process-groups that will uniquely represent it and then by computing their contributions to the needed "property".
Flowsheet Modelling and Design through Process-groups
To apply a group contribution method for flowsheet synthesis, design and modelling, a process-group representation of a flowsheet, a "property" model for flowsheet and the reverse "property" calculations for flowsheets have been developed. 
Definitions

Process-group based representation of a flowsheet
A group representing the separation of components A, B, C and D in two outlet streams containing A and B, and, C and D, is named (AB)(CD). Special groups representing a process inlet or a process outlet are defined as iABCD and oAB, for an inlet with the 4 components and an outlet with only A and B. From the list of available groups like iABC, (A)(BC), (B)(C) and the pure process outlets, a feasible flowsheet structure can be created as shown in figure 1. The processgroups are not component dependent, but component property dependent, thus the ability to use the same group with different components having similar properties. 
Reverse problem formulation
As developed by Erik Bek-Pedersen (2003) the design of distillation columns can be based only on the driving force between the two key components. Two of the conclusions of the driving force model for distillation columns is that the driving force is inversely proportional to energy consumption and that in a distillation train the easiest separation, i.e., where the maximum driving force is available, must be performed first. From the driving force which is difference in composition between two co-existing phase (Eq. 1) it is possible to back calculate all the design parameters of the distillation columns.
A generalized driving force model based on the assumptions of the driving force for distillation column has been developed. Thus the ability to back calculate, reverse problem, the design parameters of any separation process that can be modelled in terms of driving force.
The main breakthrough in the driving force based modelling is that any model or experimental data can be used to obtain α i . Now, by associating a driving force to each process-groups it is possible to describe a flowsheet with process-groups without any over simplification of the unit models. The driving force model provides the back calculation capabilities to get the process design details from the flowsheet structure.
A flowsheet property model
A flowsheet "property" model (Eq. 2) has been defined to calculate the energy consumption of a flowsheet.
where E is the energy consumption of the flowsheet (MkJ/hr), NG is the number of process-groups, p k the penalty, d ij k the maximum driving force of the process-group k, a k the contribution of the process-group k and A a constant.
where nt is the number of tasks that should be performed before the task k in the ideal case and Df i the driving force of task i. The contribution of the process-groups a k are regressed from experimental data. Every unit operation has a position in the flowsheet where it can "attain" the theoretical maximum driving force. At any other position, the unit operation is able to attain a lower driving force than the maximum. The penalty, p k , is a function of the attainable driving force.
Flowsheet Synthesis
Using the same approach as Computer Aided Molecular Design (Harper 2000) it is possible from the process-groups combination rules to generate flowsheet structures, evaluate them and find the best alternative matching the targets.
Process-group combination rules and feasible structure generation Considering a group (ABC)(DE) this group has:
1 inlet defined as iABCDE 2 outlets defined as oABC and oDE The inlet of the process-group (ABC)(DE), iABCDE, can only be connected to a corresponding oABCDE outlet from another group, or to a general iABCDE of the flowsheet. In the same way, the outlets oABC and oDE, can only be connected to a corresponding iABC or iDE of another process-group, or to a general outlet of the flowsheet oABC or oDE. Any other combination is not allowed. Respecting the combination rules ensure, from the definition of the process-groups to have a feasible structure. From the process-groups involved in the problem, apply the combination rules to all the process-groups to generate all the feasible flowsheet alternatives. The "property" of each alternative can easily be calculated, thus the ability to do a rigorous simulation only with the most promising flowsheets.
Multi-property target flowsheet synthesis
In the case of the synthesis of alternatives with more than one "property" target, all the alternatives are computed, then a linear optimisation is performed to get the best alternatives with respect to a desired optimisation function. This can for example be used to balance energy consumption and risk, if a risk property model is available for the process-groups.
Results
The methodology has been successfully applied and the results from a simple illustrative problem involving the separation of a multi-component mixture with or without azeotropic pairs is presented here. Considering the separation of a 5 component mixture into pure streams at optimal operational cost is the objective of this synthesis problem. The energy "property" model is used for prediction of the process energy cost and the necessary process-groups and their contribution (Table 2) are needed for prediction are already available. The details of the synthesis problem needed to solve this problem are given in table 1. With the process-groups and their "property" model parameters available, the fisrt step is to generate feasible "structures" that satisfy the product purity specification using the process-group combination rules. The next step is to predict the energy "property" of each generated flowsheet. Finally, the reverse problem is solved for any selected flowsheet to obtain the corresponding design variables that match the design target (attainable driving force for any operation in the flowsheet). The optimal flowsheet together with the minimum energy is shown in figure 2 . If the compounds A-E are taken as Propane, i-Butane, n-Butane, i-Pentane and n-Pentane, then this solution can be compared with that given by Biegler et al. (1997) . Note that the same solution is obtained without any process-model based numerical optimisation. The design targets for each operation in terms of attainable driving force is given in table 3. Applying now the algorithm of Bek-Pedersen (2003) , the design variables can be obtained (not shown here). It should be noted that the solution provided is valid for any mixture of 5 components that have similar relative volatilities as given in table 1. Also, for azeotropic pairs, they are valid if the solvent-free relative volatility is the same. In this way, it also provides the design target for solvents.
Conclusion
This new method offers important benefits over the traditional ones. The method is truly predictive and is component independent as far as generation of alternatives are concerned. The ability to generate from the groups all the feasible alternatives of a given process without the need for rigorous models another advantage. It opens the possibility to screen a lot of alternatives very quickly and with good accuracy. The method is also an "integrator" in the sense that by adding new process-groups it is possible to simultaneously model, design and synthesize products and processes that can produce them. Current work is creating more "property" models for the process groups and the representation of complex unit operations such as the divided wall columns. Work is also going on to generate model flowsheets with reaction and separation. The HDA process example (Douglas 1988 ) is available by request to the author to illustrate the use of a reaction process-group. 2.4225 a (ABC) (DE) 9.1854 a (ABCD) (E) 2.79454 a (A) (BCD) 9.8414 a (B) (CDE) 2.3182 a (AB) (CD) 2.2835 a (ABC) (D) 11.3013 a (BC) (DE) 10.1391 a (BCD) (E) 2.6829 a (A) (BC) 11.4227 a (B) (CD) 2.8731 a (AB) (C) 2.5133 a (BC) (D) 12.0868 a (C) (DE) 12.1721 a (CD) (E) 2.4254 a (A) (B) 9.7417 a (B) (C) 3.3387 a (C) (D) 10.8515 a (D) 
